The synthesis and a conformational study of a number of homologues of the well known antibiotic, phytotoxic leucinostatin A are reported. The circular dichroism of all the compoundsare discussed. Someconclusions on the SARof these compoundsare drawn. The influence of the a-helical conformation and/or the increased lipophile character on their interesting biological activities is emphasized.
1 ,2-diamine at the C-terminal; and of the following nine amino acids:
ds-4-methyl-L-proline, (2JSf,45f,6*S')-2-amino-6-hydroxy-4-methyl-8-oxodecanoic acid, threo-fihydroxy-L-leucine, three a-aminoisobutyric acids, two lleucines and /?-alanine. The composition of other leucinostatins is closely related4~7) to that of leucinostatin A. All these co-metabolites of the phytopathogenic microorganismare endowedwith a similar wide spectrum of antibacterial, antimycotic, cytotoxic, and phytotoxic activity. However, these biological activities are exhibited to a different extent by different Ieucinostatins2~7).
In particular, leucinostatin Dis active against some strains of staphilococcus that are knownto be resistant against more common antibiotics, and shows promising cytotoxic and phytotoxic activities5). CDand IR spectroscopy studies on leucinostatin A hydrochloride have investigated the preferred conformations of the molecule in solvents of different polarity and at different concentrations8). The results provide evidence that the peptide antibiotic, in apolar solvents and in the range of concentration used in the spectroscopic measurements, MAR. 1995 folds its backbone in a helical structure. Similar behaviour has been observed9) in some synthetic fragments of leucinostatin A in lipophilic solvents, indicating a strong tendency to fold in an ordered structure. The crystal and molecular structure of the nonapeptide antibiotic has been also determined10). It was found that the peptide backbone folds in a regular right-handed a-helix conformation with six intramolecular hydrogen bonds.
In the crystal the helices are linked head to tail by hydrogen bonds and electrostatic interactions, forming continous helical rods.
Since the molecular structure of leucinostatin A is important in providing a basis for structure-activity studies and in obtaining an insight into the possible role of specific side chains and backbone folding in determining the biological activity, in this paper we report the results of a structure-activity study in solution carried out using CDand biological activity measurements of the nonapeptide homologueswhich have been Leucinostatins A2, A5, A4 Leucinostatin A hydrochloride, Al and A3 (70mg each) were reduced by adding them to a suspension of 5% Pd on charcoal in 20ml of previously saturated with H2 at 4 atm at roomtemperature for 12hours. Following usual work up, an oily residue was obtained which, after purification by Silica gel column chromatography (eluent CHC13-MeOH-cone. NH4OH,93.1 : 6 : 0.9) and several crystallizations from CH3CN,carefully acidified by gaseous HC1, afforded compounds A2, A5 and A4 respectively, (80% yield) as hydrochlorides. Leucinostatins A3, A7 Leucinostatin A hydrochloride and A2 (100 ml each), dissolved with dry pyridine (2ml) and acetic anhydride (1 ml) were stirred for 24 hours at room temperature and then poured in iced water. The cloudy solutions were repeatedly extracted with CHC13 (5x30ml). The combined organic layers, dried over anhydrous Na2SO4, were brought to dryness at reduced pressure and the oily yellow residues were purified by flash column chromato- Results and Discussion Fig. 1 represents the CDspectra of leucinostatin A hydrochloride homologues Al, A2 and A5 in solvents of different polarity.
They show the same spectral behaviour observed for leucinostatin A hydrochloride8). In TFE the CD profile (negative maximumat 203 nm and a large shoulder at 210-220nm) indicates the existence of a conformational equilibrium between aperiodic structure and folded conformations (310 or a-helical structures). This equilibrium shifts towards populations in ordered conformation in the less polar solvent MeOHand, chiefly, in the more apolar dioxanen-hexane (1 : 1, v/v) mixture. In this solvent the CD band of the amide 7r-7i* transition moved to 208nm and the negative maximumof the amide n-n* transition is well resolved at 220 -222 nm (a-helix structure).
This spectral behaviour means that chemical modifications do not influence macroscopically the ordered conformation (Fig. 2) revealed the presence of two sharp negative bands centered at 208 and 222nm in TFE and MeOHtoo, whose intensities approach those observed in dioxanew-hexane solution. This indicates a remarkable increase of an ordered molecular population in these solvents probably due to the acetylation of the threo-fi-hy&voxy-L-leucine residue. In fact the lack of a free hydroxy group prevents the formation of an intermolecular hydrogen bond with the solvent and, at the same time, increases the lipophile character of the molecule cooperating thus to the formation of an ordered structure. The CDspectra of compounds A3 and A7 (Fig. 3) , insoluble in buffer solution, show in TFE and MeOH a similar behaviour of A4 while in a very apolar medium, such as dioxane -«-hexane the equilibrium ordered conformation versus disordered conformation is clearly displaced towards the latter. Since NMR spectra undoubtedly indicate that these compoundsare in the free base and not in the hydrochloride form, it was inferred that molecules with positively charged C-terminal moiety assume an ordered conformation in an apolar medium and vice versa. Such a hypothesis was confirmed by performing CDspectra of leucinostatin A free base (Fig.   4) ; in this case a similar behaviour was observed, in fact by dissolving this compound in dioxane-«-hexane, a noticed. In acqueous buffer medium,the spectrum profile of leucinostatin A free base, as in the case of hydrochloride form8), indicates the presence of a limited molecular population in ordered structure (low intensities of the negative bands and blue shift of n-n* transition).
By comparing these data with the biological activities noticed in the CDspectra of compound A6 (Fig. 5) is due to the fact that A6 exists in the hydrochloride-free base form mixture (75.25) as inferred from leucinostatin A NMRshift titration experiments12). In fact the CD curves in MeOHand TFE approach those observed for compounds A3 and A7 while the CD curve in dioxane-«-hexane (1 : 1, v/v) is very similar to that one shown by compounds Al, A2, A4 and A5. Accordingly with these findings, A6 shows a mild activity against Gram-positive bacteria and no significant differences in activity against fungi if compared to that observed for the hydrochloride homologues.
